The Feed Materials Production Center (FMPC), operated by NLO, Inc., for the U.S. Department of Energy, covers about 1.6 square miles of flat to gently rolling terrain in Hamilton and Butler Counties, Ohio. The southern edge of the tract is about 0.7 mile north of Fernald ( fig. 1 ). The rubber-and claylined pits and concrete-encased storage tanks that comprise the process-wastes storage area are located about 0.3 mile west of the production area at FMPC ( fig. 2 ) and are about 1.5 miles north of Fernald. As part of its monitoring program, NLO, Inc., the operator of FMPC, sampled a number of offsite wells in December 1981 ( fig. 2 ). These and other wells also were sampled by the U.S. Geological Survey in August 1982 for uranium and other constituents; the wells were assigned local numbers H-101 through H-134 ( fig. 3 ). The dissolved uranium concentrations obtained by NLO, Inc., shown in figure 2, were converted from milligrams per liter (mg/L) to micrograms per liter (>ig/L) for consistency. Figure 3. Location of water-level observation and water-quality sample wells used in U.S. Geological Survey study, August, 1982, Of particular concern are the concentrations of dissolved uranium at wells H-121, H-lll, and H-108 , which are at least several times greater than background levels. As stated by Hem (1970, p. 212) , "Uranium is present in amounts between 0.1 and 10 jig/L in most natural water. Amounts greater than this are unusual." Drinking-water standards for uranium have not yet been established, but according to Lappenbusch (1980) , an interim guideline of 10 pCiU/L (picoCuries of uranium per liter) has been suggested. A conversion factor of 1 jag/L = 0.68 pCi/L can be used when all three uranium isotopes are considered. (If only the radioactivity of uranium-238 is considered, the factor is 1 )ig/L = 0.33 pCi/L (Thatcher and others, 1977, p. 88) .)
The elevated level of uranium appears to be confined to an area of about 100 acres that includes wells H-108, H-lll, and H-121. If this represents a plume of excessive uranium concentration in the ground water, its position is inconsistent with the ground-water flow patterns that may be inferred from the potentiometric map ( fig. 4) . Water-quality problems at the community of Fernald (farther south) do not yet appear to be related to uranium contamination.
This study was undertaken at the request of the U.S. Department of Energy to determine the source of elevated concentrations of uranium in water from offsite wells near the FMPC property. The study is based on data from existing wells and is concerned with water-level conditions and the quality of the ground water at FMPC as well as in adjacent offsite areas extending southward to include the community of Fernald.
Well Sampling Program and Water Quality Analyses Table 1 (at back of report) is an inventory of wells in the FMPC-Fernald area. Water samples were collected from selected wells between August 24 and August 31, 1982 by the U.S. Geological Survey. Choice of sampling sites was based on several considerations. Wells selected included (1) the offsite wells sampled by NLO, Inc. (fig. 2) ; (2) wells along Paddys Run that could be affected by infiltration of contaminants from surface runoff; (3) wells at FMPC that are located near waste storage facilities; (4) wells at Fernald, an area where the ground water is allegedly of poor quality; and (5) wells near the east and west boundaries of FMPC that could be used to identify ground-water flow in any other direction. At each well, untreated water was collected as close as possible to the wellhead. The well was pumped for several minutes to obtain water that was representative of aquifer conditions. Field determinations were made of water temperature, specific conductance, pH, and alkalinity. The hydrogen-sulfide content was determined by U.S. Geological Survey personnel in Columbus, Ohio. Radiometric analyses and dissolved uranium concentrations were determined in the U.S. Geological Survey regional laboratory at Denver, Colo. Other constituents ( The aquifer system is composed essentially of sand and gravel of glacial origin. In places, the aquifer is stratified with clay, or capped by clayey till. Spieker (1968, pi. 2) shows the FMPC area as situated on a terrace (above the Miami River floodplain) and consisting of a clay-rich till underlain by about 150 feet of sand and gravel. A 10-foot bed of clay about 130 to 140 feet below land surface divides the sand and gravel section into an upper and a lower aquifer. The clay bed reportedly pinches out to the east near the eastern boundary of FMPC.
Studies by Eye (1961, p. 21) and Spieker (1968, p. A15) indicate that the clay beds act as partially confining layers. Only a few of the wells listed in table 1 are deep enough to have tapped the lower aquifer. At FMPC, these include the production wells (NLO/PW 1, 2, and 3) and test wells . To the east, three wells drilled to bedrock by Southwestern Ohio Water Company apparently are not affected by the clay layer that divides the aquifer at FMPC.
An inventory of water wells and water-level measurements was completed in August 1982. Wells used in the inventory are listed in table 1, and their locations are shown in figure 3 . Waterlevel data obtained in this investigation were used to prepare the potentiometric map ( fig. 4) , which shows the general direction of ground-water flow within the aquifer system. Not all wells in the area were available for measurement because of problems of access to the property or an inability to measure the depth to water without dismantling equipment in the wells. Sample from H-109 not used because of excessive bleach in water water supply.
Several features should be mentioned with reference to figure 4. First, bedrock crops out along the banks of the Great Miami River near Fernald, and probably controls ground-water movement south of FMPC.
Second, the water table defined by the 520-foot contour that appears as a troughlike low at the southern edge of FMPC along Willey Road opens to the south as a narrowly constricted channel between two control points, wells H-122 and H-lll. In the area north of these wells, ground-water pumpage (mostly domestic and farm use) is low compared to the amount of ground water used at Fernald and FMPC. Where the north side of the 520-foot enclosure crosses Paddys Run ( fig. 4 ) the altitude of the streambed is between 520 and 530 feet above sea level. Whether or not Paddys Run is a losing stream in this stretch or flows without connection with the water table was not determined. Paddys Run was virtually dry at the time of this investigation.
Third, the water level at the abandoned "cone house" well (labeled "CH," fig. 3 ) near the northeast corner of the FMPC just inside Butler County, is about 75 feet higher than in wells a half-mile to the east and to the west. The potentiometric surface along the eastern side of the FMPC is conjectural because of a lack of suitable well data; however, the well is evidently in a body of water that is perched or otherwise disconnected from the water-bearing zone mapped elsewhere in figure 4. An attempt to draw contours between this and other wells resulted in a hydraulic gradient that was unrealistically steep. The extent of the perched water body is unknown; thus, it is not shown in figure 4.
Finally, a ground-water divide may exist along the eastern boundary of the FMPC as suggested by Spieker (1968, pi. 2) between two bedrock areas ( fig. 4) . The contours as drawn in figure 4 suggest that a partial ground-water divide exists in the area.
The water table beneath the principal area of activity at FMPC is a relatively broad depression enclosed by the 525-foot contour ( fig. 4 ). Static water levels of onsite wells were measured when the FMPC plant was shut down for vacation and the three main supply wells were idle. Water levels for the three wells were just below 524.0 feet, but in two observation wells to the north (NLO test well 10 and the old administration building well) the levels were 515.6 and 521.9 feet, respectively; this indicates that recovery in the aquifer was greater in the vicinity of the supply wells. During periods of plant operation the supply wells are pumped on a rotating basis, and the 520-foot enclosure north of the supply wells ( fig. 4 ) would probably be enlarged to include all three wells.
The cone of depression at FMPC, even when major pumping is shut down, has become a persistent feature over the years. According to Spieker (1968, p. A19 and pi. 2) , daily pumpage at FMPC in 1964 averaged more than 1.0 million gallons per day, but the cone of depression caused by pumping was too shallow to show on his map. Although the pumping rate has been less in recent years, development of the cone can be attributed to the fact that ground water pumped at FMPC is not returned to the aquifer but is discharged through sewers or lost by evaporation.
Recharge is essentially by precipitation. Rainfall in the area was deficient in July 1982. Had it been abundant, the cone of depression in figure 4 might have been smaller. The water level at well H-132 (NLO test well 1-S, fig. 3 ), which is pumped continuously (at less than 100 gallons per minute) to intercept ground water between the waste pits and the main supply wells, was about 485 feet. Because water levels in nearby wells were much higher, the cone of depression at this well is too small to show in figure 4. Similarly, the cone of depression at well H-121 ( fig. 3 ) is too small to show in figure 4. In general, the concentrations determined by the U.S. Geological Survey were lower than those determined by NLO, Inc., possibly because of differences in detection limits used in the analyses. However, the concentrations of dissolved uranium at wells H-108 and H-lll were greater; the concentration at well H-121 was nearly the same as that reported by NLO, Inc. These three wells were the highest in dissolved uranium content of the wells sampled in this study. All had concentrations at least several times higher than the dissolved uranium content found at wells H-132 and H-134 ( fig. 5 ), both of which are situated near the FMPC waste-storage areas. Two other onsite wells, H-130 and H-131 ( fig. 5 ), are located farther from the waste-storage areas and were relatively low in dissolved uranium. Well H-131 taps the upper aquifer, whereas well H-130 is one of three supply wells that produces from the lower aquifer. The water-quality data for these wells and the potentiometric surface as mapped in figure 4 suggest that the high concentration of uranium at wells H-108, H-lll, and H-121 did not reach these wells through the aquifer directly from the FMPC production area because several wells such as H-103, H-104, H-116, and H-122 situated similarly along the ground-water flow pathway were scarcely affected. Even though a localized source of contamination is possible, it would be reasonable to consider the various possibilities for contaminant migration from FMPC. These would include movement down Paddys Run resulting from excessive discharges at some specific time, undetermined pathways of leakage from the storage pits, and contamination carried by storm runoff.
URANIUM CONCENTRATIONS IN GROUND WATER AND THEIR SIGNIFICANCE
The amount of dissolved oxygen in the aquifer should be considered. According to Garrels and Christ (1964, p. 253-6) , the more highly oxidized forms of uranium have greater solubility. This suggests that in areas of recharge where the oxygen content can be expected to be high, more uranium can be carried in solution than where the oxygen content is low. It is possible that uranium transported under conditions of oxygen enrichment could end up as excessive amounts in some localities, whereas a low uranium content could mean that potentially excessive amounts of uranium have already been precipitated out somewhere along the way from the source.
The amount of dissolved iron may be an indicator of oxygen concentration, that is, high iron concentrations would suggest reducing conditions or an oxygen deficiency. Conversely, low iron concentrations may indicate that conditions of oxygen enrichment prevailed. In this study, 13 samples were analyzed for dissolved iron. Wells H-108, H-lll and H-121, which were low in iron, may have been relatively rich in oxygen. Conversely, wells H-106, H-110, H-118, H-119, and H-122 were quite high in dissolved iron but low in dissolved uranium. One well, H-107, was low in both iron and uranium.
Except for H-lll, H-121, and H-122, samples from the wells located along Paddys Run ( fig. 5 ), contained less than 2 pg/L of dissolved uranium. However, the concentration of dissolved uranium in water from well H-128 near the southern end of Paddys Run was noticeably higher (3.2 pg/L). Because this well is shallow and located closer to the stream than other upstream wells ( fig. 5) , it is probably more susceptible to infiltration from surface-water contamination whenever the stream is bankfull.
Concentrations of dissolved uranium for most of the wells at Fernald were less than 2.0 jag/L; thus, dissolved uranium contamination does not appear to be a problem for wells in that community,
CONCLUSIONS
The source of the uranium found in wells H-108, H-lll, and H-121 cannot be attributed directly to ground-water flow from the waste storage areas at FMPC; several other wells between FMPC and well H-108 would have been affected. More data concerning the flow characteristics of Paddys Run along the southwestern part of FMPC are needed to (1) determine if any part of the stream is losing water to the ground-water system, and (2) determine the distribution of uranium concentrations in Paddys Run at different flows. There is a possibility that surface-water runoff, such as storm overflow, could have carried high-level uranium wastes toward Paddys Run. The uranium wastes could have infiltrated the ground-water system along the reach near the affected wells.
Continued water-level measurements and water-quality sampling are needed to determine if the amount of uranium is increasing in the vicinity of wells H-108, H-lll, and H-121, or if other wells in the area (wells H-122 r H-116, H-107) are likely to be affected by increasing levels of uranium. Test wells may be needed to better define the direction of ground-water movement. Because the water table is relatively high in the vicinity of well H-lll ( fig. 3) , dissolved uranium at this locality could move in any of several directions toward wells that have not yet been affected.
The amount of dissolved iron in ground water suggests a relationship exists between the amount of available oxygen and the amount of dissolved uranium. Thus, if uranium wastes were carried by surface water r an opportunity exists for oxygen enrichment, which would permit greater transport of dissolved uranium to the ground-water system.
The area in which additional study is needed is outlined in figure 5 . Water-level measurement and water-quality sampling could be continued at wells H-108, H-lll, H-121, and in other nearby wells to determine if the uranium content is changing. To help delineate the area of high uranium content, additional wells north and east of wells H-108, H-lll, and H-121 are needed. Other wells at FMPC, especially south of the storm outfall ditch, could be drilled to various depths; hydrogeologic samples could be taken during well construction.
Discharge measurements could be made along Paddys Run to determine if there are sections of the stream where water is being lost to the ground-water system. A soil sampling program conducted along Paddys Run and the storm sewer outfall ditch ( fig. 1) 
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